The incendiary characteristics of the laryngeal and reinforced laryngeal mask airway to the CO 2 laser have been compared with two polyvinyl chloride tracheal tubes. Three different power densities (2.35, 4.7 and 9.8 x J(P watticm 2 ) were used, with either oxygen or a 30% oxygenl70% nitrous oxide mixture flowing down the tube. The laryngeal mask airway (and reinforced model) was shown to be more resistant than the polyvinyl chloride tracheal tubes. The laryngeal mask tube could not be ignited at a power density of 2.25 x lrY watticm 2 after five minutes, although penetration occurred in 20-30 seconds. A layer of silica ash built up at the impact site and protected the underlying tube. The laryngeal mask airway cuff was penetrated at 3 to 5 seconds. At this power density the polyvinyl chloride tube ignited in 2 to 8 seconds and the cuff was penetrated in 0.1 seconds. At the highest power density the tubes of all airways ignited within 0.2 seconds. The possibilities for improving the incendiary characteristics of the laryngeal mask airway are discussed.
The theoretical foundation for Light Amplification by Simulated Emission of Radiation (LASER) was first discussed by Albert Einstein in 1919'. Lasers are now commonplace in modern medicine and have been found to be precise but potentially dangerous surgical instruments. Airway fires are among the most common serious complications of laser surgery to the aerodigestive tract 2 and the incendiary characteristics of different tracheal tubes have been carefully assessedl.4. Various techniques have been employed to minimize the risk of airway fires, including the use of laser-resistant tubingS, reflective tapeo, sheaths' and moistened gauze. Anaesthetic considerations for laser surgery have been recently reviewed by Rampil'.
The laryngeal mask airway (LMA), first described by Brain in 1983 9 , has been successfully used during tunable dye laser surgery to the face lO Accepted for publication on July 26, 1994. tubes 5. Published data about the incendiary characteristics of the LMA/RLMA is limited. Early reports suggest that the LMA/RLMA is resistant to CO 2 lasers at power densities below 1.2-2.35 x 10 3 wattslcm 215 .,0, but that 1.2 x 1()4 watts/cm 2 produces immediate ignition IS.
The following controlled trial was therefore designed to investigate the incendiary characteristics of the LMA and RLMA to the CO 2 laser and to compare this with two standard polyvinyl chloride (PVC) tracheal tubes used for ENT surgery.
MATERIALS AND METHODS
A Sharplan 1060 CO 2 laser (Sharplan Lasers Inc, New Jersey, U.S.A.) with a 300 mm lens, Zeiss operating microscope (OPMI 1) and joystick manipulator were used. The laser output was set at 6, 12 and 25 watts with a spot diameter of 0.57 mm which resulted in a power density of 2.35, 4.7 and 9.8 x 10 3 watts/cm 2 respectively. The laser output was directed perpendicularly onto the marked and unmarked regions of the cuff and shaft of four different tubes. Each tube was connected to a catheter mount and had six litres of oxygen (0 2 ) flowing down it, or a mixture of oxygen two litres and nitrous oxide four litres (02/N20). The cuffs were filled with either air or 02/N20. The laser was set to provide progressively longer single pulses (0.05, 0.1, 0.2 and 0.5 sec). The impact site was inspected after each pulse and a new impact site selected. If ignition did not occur after a 0.5 second pulse, the laser was set on continuous mode. The impact site was inspected after 1 to 5 seconds, depending on the power density, and a new site was selected. The cycle was then repeated with a longer laser time until ignition occurred. The tubes rested on wet towels and were surrounded by air during the study and with an occluding clamp placed proximally on the catheter mount. All events were recorded on video for further analysis. The following tubes were studied: 1. the size 3 LMA; 2. the size 3 RLMA; 3. a size 8 Mallinckrodt reinforced armoured tube (PVC); 4. a size 8 Mallinckrodt RAE tube (PVC). Three samples of each airway were tested, one at each energy level. Each sample was ignited on six occasions, three with O 2 flowing and three with 02/N20 flowing. The sequence of gas flow was selected at random. The gas flow to each sample was clamped immediately after ignition to minimize damage for the first five ignitions and the fire was allowed to progress for ten seconds following the last ignition. Extra samples of each airway were required to assess the cuffs and markings. In the case of the RLMA and reinforced armoured tube, the beam was aimed between the wires.
RESULTS
At the lowest power density (2.35 x 10 3 watts/cm 2 ), pulses of 0.05 to 0.5 seconds did not penetrate the LMA or RLMA tube or cuff. Continuous firing led to slight smoke production and penetration of the tube at 20 to 30 seconds. Continuous firing at the tube for five minutes failed to produce ignition even with 100070 O 2 , The cuff could be penetrated at 3 to 5 seconds and smoked at 8 to 12 seconds if filled with air, and 4 to 8 seconds with 02/N20. Examination of the impact sites revealed a layer of silica ash sitting on top of a crater in the tube wall. The RLMA wires were unaffected. The ash appeared to have protected the underlying tube from further destruction and the beam did not penetrate to the opposite side of the tube. The longer the exposure to the beam the wider the crater, the five minute burn produced a 5 to 7 mm conical crater. Both the reinforced armoured and RAE tubes were penetrated at 0.5 to 2 seconds and started flaming at 2 to 6 seconds with 100070 O 2 and 2 to 8 seconds with 02/N20. The cuffs were penetrated at 0.1 seconds and smoked at 0.5 seconds with 02/N20 and less than 2 seconds with air.
At the intermediate power density (4.7 x 10 3 watts/ cm 2 ), the LMA and RLMA tubing was penetrated in Anaesthesia and Intensive Care, Vol. 11, No. 6, December, /994 0.5 to 2 seconds and ignited in 2 to 5 seconds with 100% oxygen. With 02/N20 ignition also occurred at 2 to 5 seconds. The air-filled cuff produced a puff of smoke with a pulse of 0.5 seconds. Both tracheal tubes were ignited in 0.5 to 1 second and the cuff penetrated in 0.05 seconds. At the highest power setting (9.8 x 10 3 watts/cm 2 ), the LMA and RLMA tubing ignited in 0.05 to 0.1 seconds in 100% oxygen and 0.01 to 0.2 seconds in 02/N20 (Figure 1) . The PVC tracheal tubes ignited in 0.05 to 0.1 seconds in both gas mixtures.
The LMA and RLMA produced less smoke than the PVC tubes. Targeting dark markings did not appear to affect penetration and ignition times of the LMA/ RLMA, but reduced the penetration times for the PVC tubes. Following ignition all fires were intraluminal and could be stopped by clamping off the gas supply. In one instance, the LMA spontaneously reignited following release of the clamp after the initial fire was extinguished.
Each sample was inspected following cooling after the ten-second final burn. All airways were severely damaged. The area of tubing around the ash impact sites of the RLMA/LMA were hard and brittle whereas those on the PVC tubes had melted and rehardened. Both reinforced airways maintained their overall structural integrity, but the non-reinforced tubes could easily be pulled apart. The incendiary characteristics of the size 3 LMA and RLMA were essentially identical.
DISCUSSION
The LMA and RLMA are constructed from silicone rubber which contains silica fillers which provide high temperature resistance and some flame retardation. The "ash" produced at the impact site is the silica reinforcing filler remaining after the polymer has burnt away. PVC on the other hand is a thermo-plastic with poor high temperature performance. This study confirms that the LMA and RLMA are more resistant to the CO 2 laser than PVC tubes such as the reinforced armoured tube and the RAE tube. At a high power density these differences are clinically indistinguishable, but at power densities of less than 4.7 x 103 wattlcm 2 the LMA/RLMA is noticeably more resistant to the CO 2 laser. At 2.35 x 10 3 watt/cm 2 , the power density used for laser pharyngoplastyl6, both the LMA and RLMA could not be ignited. This correlates with the early work of Pennant et al who could not ignite the LMA with a power density of 1.2 x 10 3 watt/cm 2 15. Although not included in this study, the Laser Shield tracheal tube (Xomed, Inc., Laser Shield, U.S.A.), which is made from silicone rubber, ignites after 2 to 6 seconds at a power density of 2.6 x 103 watt/cm 2 suggesting that the LMA/RLMA is more resistant to laser attack j. This may be related to the increased thickness of the LMA/RLMA tubing. By comparison, stainless steel and foil wrapped tracheal tubes are unaffected by power densities of up to 1.9 X 10 4 wattlcm 2 after one minute of continuous laser exposure 4 • The Laser Shield tracheal tube has also been shown to be more laser-resistant than similar sized PVC tubes" lending support to the results of the current study. Re-ignition of silicone rubber tubes has been previously reported and is thought to be related to the heat retaining properties of the silica ash 3 • The risk of airway fires depends on the type of airway, the probability of accidental impact and its duration, the power density, the type of laser and composition of gas in and around the airway. The energy density for port-wine naevus facial surgery is insufficient to damage the LMA1o. Laser respiratory tract surgery is conducted via an incision in the neck 12 or through a flexible fibreoptic bronchoscope, minimizing the risk of a direct hit l3 . Accidental impact, however, is more likely during laser surgery to the oropharynxl4. The safety of the LMA or RLMA at higher energy settings may be increased by wrapping it in protective foil 6 or by using a laser resistant sheath 7 • It may also be possible to construct an LMA with a higher content of silica or have a stainless steel shaft. The weakest point of the LMA/RLMA is the cuff, although it is superior to the PVC cuff. Filling the cuff with air will reduce the chance of ignition, however nitrous oxide readily diffuses into the cuff during nitrous oxide/oxygen anaesthesia reducing the ignition threshold 17. It would be possible to fill the cuff with saline or a methylene blue solution to facilitate early detection of perforation and prevent flaming, but any residual fluid remaining in the cuff may result in cuff rupture during autoclaving l8 , and may be uneconomic. The use of wet gauze swabs over the cuff has already been reported during laser pharyngoplastyl4. The inspired oxygen concentration should be reduced to maintain Sa02 > 95070 and nitrous oxide should be avoided where possible. During laser surgery to the oropharynx, gas leaks should be prevented by using spontaneous ventilation or maintaining airway pressure below leak pressure during IPPVII.
In summary, the LMA/RLMA is more resistant to CO 2 laser fire than standard PVC tubing. Use of the CO 2 laser at power densities below 2.35 x 10 3 watt! cm 2 appears to be safe with the LMA and RLMA. Further studies are required to assess the resistance of the LMA and RLMAs, including paediatric sizes, to Nd-YAG and other lasers.
